Abstract-Energy is a strategic resource for national economic and social development. With the rapid advancement of Beijing-Tianjin-Hebei integration, great attention has been paid to the energy consumption of Beijing-Tianjin-Hebei region. Based on the analysis of the economic development and energy consumption of Beijing-Tianjin-Hebei region, this paper uses the elastic analysis method to construct the decoupling state discrimination model for the economic development and energy consumption and utilization of Beijing-Tianjin-Hebei region, and the decoupling situation of energy consumption and utilization of Beijing-Tianjin-Hebei region from 1997 to 2016 is evaluated. It combines the industrial structure with the growth trend of energy consumption utilization of Beijing-Tianjin-Hebei region, the internal mechanism of the decoupling between economic development and energy consumption utilization is comprehensively analyzed. The results show that there is a strong correlation between economic development and energy consumption and utilization in Beijing-Tianjin-Hebei region, and the decoupling between economic development and energy consumption has not yet been achieved.
INTRODUCTION
Beijing-Tianjin-Hebei region is one of the three major economic growth poles in China as well as one of the important energy consumption centers in China. The rapid growth of the population of Beijing-Tianjin-Hebei region and the rapid development of the economy has triggered high attention to energy consumption. The energy consumption structure affects the pace of industrial transformation and upgrading of Beijing-Tianjin-Hebei region. Therefore, it is necessary to speed up getting rid of the reliance on economic development for energy consumption and realize the "decoupling" between economic development and energy consumption, thus promoting the integration of Beijing, Tianjin and Hebei. The essence of the "decoupling" of economic development and energy consumption is that under the premise of maintaining economic and social growth, the efficiency of energy consumption utilization continues to increase rapidly, while the growth rate of total energy consumption utilization gradually slows down. Finally, the total energy consumption utilization reaches the peak, and zero or even negative growth in energy consumption is achieved.
Decoupling is given different meanings in different subject areas. In the 1990s, foreign decoupling theory was generally applied to the assessment of the use of resources and environment, which mainly studied economic growth and material resource consumption, energy consumption, agricultural production and trade, traffic volume, environmental pollution and other issues [1] , [2] , [3] , [4] , [5] . Domestic research is in its infancy. With the emergence of resource and environmental issues, the theoretical research and practical discussion of decoupling has been further deepened. At present, many scholars at home and abroad have mainly discussed the definition, state division and methods of decoupling. First of all, from the definition of decoupling, it is mainly used to reflect the change in the degree of dependence between economic growth and material consumption [6] . Secondly, from the perspective of the decoupling state, the OECD countries have established an index system based on the driving force-environmental pressure-environmental state to analyze the decoupling situation between economic development and material consumption and environmental pressure, and divided it into the views of Vehmas and Tapio and other scholars, the decoupling is further divided into strong decoupling, weak decoupling, degenerative decoupling, strong negative decoupling, weak negative decoupling, expansionary negative decoupling, growth linkage, and degenerative linkage. [7] , [8] , [9] . At the same time, from the research methods, the decoupling method has been introduced into the field of resources and environment by the World Bank in recent years [10] , and has gradually developed into a decoupling analysis with the characteristics of resources and environment. Decoupling evaluation methods mainly include variation comprehensive analysis method, decoupling index method, elastic analysis method, decoupling analysis method based on complete decomposition technology, IPAT model method, descriptive statistical analysis method, econometric analysis method and differential regression coefficient method [11] . From the practical application of the decoupling theory, scholars have carried out research on the decoupling between economic growth and energy consumption in the Beijing-Tianjin-Hebei region from the aspects of energy carbon emissions and transportation carbon emissions in the Beijing-Tianjin-Hebei region [12] , [13] , [14] , [15] , [16] , [17] . The energy consumption is affected by the industrial structure. The key to the decoupling of economic development and energy consumption in the Beijing-Tianjin-Hebei region lies in the rationality of the energy consumption structure of the three industries. The current research mainly focuses on the decoupling of economic development and resource environment in the Beijing-Tianjin-Hebei region while there are rare research literature on the decoupling between economic development and energy consumption and its internal mechanism from the energy consumption of the three industries in the BeijingTianjin-Hebei region.
The decoupling of energy consumption in BeijingTianjin-Hebei region is an important part of decoupling theory and practical application. However, Chinese scholars still lack comprehensive and systematic research. In view of this, it is necessary to apply the decoupling theory to the different periods of economic and social development in Beijing-Tianjin-Hebei region, and conduct a comprehensive and systematic study on the decoupling situation of economic development and energy consumption utilization in Beijing-Tianjin-Hebei region. Firstly, referring to the index system of the OECD in the decoupling methodology, the elastic analysis method is used to systematically evaluate the decoupling tense of economic development and energy consumption utilization in Beijing-Tianjin-Hebei region from 1997 to 2016. Then, this paper comprehensively analyzes the internal mechanism of decoupling between economic development and energy consumption of BeijingTianjin-Hebei region; finally, it makes recommendations for accelerating the decoupling of economic development and energy consumption in Beijing-Tianjin-Hebei region.
II. ANALYSIS OF THE ECONOMIC DEVELOPMENT AND ENERGY CONSUMPTION EVOLUTION OF BEIJING-TIANJIN-HEBEI REGION
Although Beijing, Tianjin, and Hebei are geographically adjacent, the economic development is not balanced. Overall, in 2017, although Hebei's GDP was higher than that of Beijing and Tianjin, the per capita GDP was far from that of Beijing and Tianjin. The economic development of BeijingTianjin-Hebei region showed an unbalanced growth trend. As the capital of China, Beijing has a unique economic resource. In 2017, Beijing's GDP increased by 9.08% yearon-year; although Hebei Province is close to Beijing and Tianjin, it has long been affected by the strong agglomeration effect of Beijing and Tianjin, which has caused its resources to be excessively concentrated in Beijing and Tianjin, resulting in serious resource loss in Hebei Province. Hebei's per capita GDP was significantly lower than that of Beijing and Tianjin, but Hebei's GDP grew by as much as 12.14%. From the perspective of the total energy consumption of Beijing-Tianjin-Hebei region in 2017, Hebei Province has the largest total energy consumption value of 297.744 million tons of standard coal, followed by Tianjin, with 82.446 million tons of standard coal; Beijing cost the least, with 69.671 million tons of standard coal. Hebei's total energy consumption accounted for 66.21% of the total energy consumption of Beijing-Tianjin-Hebei, Beijing accounted for 15.47%, and Tianjin accounted for 18.32%. The total amount of Hebei Province is significantly higher than that of Beijing and Tianjin. In 2017, Beijing's total energy consumption increased by 1.99% year-on-year; Tianjin's total energy consumption decreased by 0.19% yearon-year; Hebei's total energy consumption increased by 1.36%.
From the perspective of the economic growth rate of Beijing-Tianjin-Hebei region, Tianjin has the highest economic growth rate in Beijing-Tianjin-Hebei region, followed by Beijing, and Hebei's economic growth rate has experienced a large decline in 2014. Judging from the development trend of economic growth rate in BeijingTianjin-Hebei region, Beijing's economy is relatively stable, Tianjin's economy has experienced a certain degree of decline, while Hebei has shown an upward trend in the past two years. From the comparison of the economic growth rate of secondary industry in Beijing-Tianjin-Hebei region, from 2011 to 2015, the economic growth rate of Beijing-TianjinHebei region has shown a downward trend. Since 2015, the economic growth rate has been rising year by year, and Hebei has the fastest growth rate. The growth rate is relatively flat as shown in " Fig 
III. ANALYSIS OF THE DECOUPLING SITUATION OF ECONOMIC DEVELOPMENT AND ENERGY CONSUMPTION IN BEIJING-TIANJIN-HEBEI REGION
The decoupling between economic development and energy consumption in Beijing-Tianjin-Hebei region mainly refers to the degree of dependence between economic growth and energy consumption in the process of economic development in Beijing-Tianjin-Hebei region, from strong correlation to weak correlation, and gradually weakening, and finally showing reverse or irrelevant situation. The specific performance is that with the economic growth of Beijing-Tianjin-Hebei region, the total energy consumption utilization achieves "zero growth" or "negative growth". The decoupling evaluation of economic development and energy consumption in Beijing-Tianjin-Hebei region determines whether the economic development and energy consumption of Beijing-Tianjin-Hebei region transforms from weak decoupling to strong decoupling based on the changes in economic development, total energy consumption and energy consumption efficiency indicators.
Referring to the index system of the OECD in the decoupling methodology, this paper introduces the changes in economic development, total energy consumption and energy consumption efficiency indicators, and comprehensively analyzes the decoupling situation of According to the respective economic development and energy consumption of Beijing-Tianjin-Hebei region, it can be seen that the economic development and energy consumption growth rate of Beijing-Tianjin-Hebei region generally rose first and then decreased, and then judging from the decoupling state, it can be seen that economic development and energy consumption in Beijing-TianjinHebei region have not yet been strongly decoupled.
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IV. ANALYSIS OF THE MECHANISM OF DECOUPLING BETWEEN ECONOMIC DEVELOPMENT AND ENERGY CONSUMPTION IN BEIJING-TIANJIN-HEBEI REGION
Based on the analysis of the decoupling situation of economic development and energy consumption in BeijingTianjin-Hebei region, and the trend of growth in energy consumption of the three industries in Beijing-Tianjin-Hebei region, we can further explore and analyze the internal mechanism of decoupling between economic development and energy consumption in Beijing-Tianjin-Hebei region.
A. Analysis of the Decoupling Mechanism of Beijing Economic Development and Energy Consumption
From 1997 to 2016, Beijing's GDP growth rate showed a trend of "slow growth -slow decline -rapid decline -slow decline". The growth rate of energy consumption generally showed the situation of "rapid growth -slow growth -rapid decline -slow growth" in " Fig. 3 Since 1997, Beijing's energy consumption growth rate has generally been declining. The growth rate of total energy consumption is also affected by the growth of primary, secondary, and tertiary industry and consumer energy consumption. From the trend of the tertiary industry and the energy consumption of life consumption, the changes in the total energy consumption of the tertiary industry and energy consumption of life consumption are more prominent to the total energy consumption, because the total energy consumption and the growth rate change and the tertiary industry + the total energy consumption and growth rate of life consumption are more consistent as shown in " Fig. 3 " and " Fig. 4 ". The precondition for the decoupling of Beijing economic development and energy consumption is to achieve zero growth in the tertiary industry and energy consumption of life consumption. Because Beijing was in the post-industrial era, the tertiary industry accounted for a relatively large proportion. Since 1997, the proportion of primary industry, secondary industry, tertiary industry and consumer energy consumption in Beijing has been constantly changing. The proportion of primary industry in total energy consumption has remained basically unchanged, and the proportion of secondary industry has been declining. The proportion of the tertiary industry + living consumption is rising. It can be seen that the incremental change of the tertiary industry + life From " Fig. 3 ", it can be found that Beijing's GDP growth rate and the total energy consumption growth rate are basically the same, which further indicates that Beijing's economic development depends on energy consumption, and the two have not yet been decoupled. " Fig. 4 " and " Fig. 5 " indicates the precondition for decoupling is to achieve zero growth in the tertiary industry + energy consumption of life consumption.
B. Analysis of the Decoupling Mechanism of Economic Development and Energy Consumption in Tianjin
From 1997 to 2016, Tianjin's GDP growth rate showed a trend of "rapid growth -slow growth -rapid decline -slow decline", and the growth rate of energy consumption showed a trend of "slow growth -rapid growth -slow declinerapid decline" as in " Fig. 6 " from 23.137 million tons of standard coal in 1997 to 80,414,300 tons of standard coal in 2016, but the energy consumption efficiency is increasing. Since 1997, the growth rate of energy consumption in Tianjin generally rose first and then declined. The growth rate of total energy consumption is also affected by the growth of primary, secondary, and tertiary industry and consumer energy consumption. From the trend of energy consumption in the secondary industry, the incremental change in energy consumption of the secondary industry in Tianjin is more pronounced, and the change in total energy consumption and growth rate is more consistent with the curve of the total energy consumption and growth rate of the secondary industry, as shown in " Fig. 6" and "Fig. 7 ". Thus, the precondition for the decoupling of economic development and energy consumption in Tianjin is to achieve zero growth in energy consumption in the secondary industry. Because Tianjin is in the post-industrial era, the secondary industry accounts for a relatively large proportion. Since 1997, the proportion of primary industry, secondary industry, tertiary industry and consumption energy consumption in Tianjin has also been changing. The proportion of energy consumption in the primary industry has remained basically unchanged, and the proportion of energy consumption in the secondary industry rose with fluctuation. The proportion of tertiary industry + energy consumption of life consumption is declining with fluctuation, and the high proportion of the secondary industry has highlighted the incremental change in total energy consumption as shown in " Fig. 8 ". From " Fig. 8 ", Tianjin's GDP growth rate and the total energy consumption growth rate are basically the same, which further indicates that Tianjin's economic development depends on energy consumption, and the two have not yet been decoupled. From " Fig. 7" and "Fig. 8 ", the precondition for decoupling is to achieve zero growth in energy consumption of the secondary industry.
C. Analysis of the Decoupling Mechanism of Economic Development and Energy Consumption in Hebei Province
From 1997 to 2016, Hebei's GDP growth rate showed a trend of "rapid growth -slow growth -rapid decline -slow decline". The growth rate of energy consumption generally showed a trend of "rapid growth -rapid decline -rapid The proportion of Tertiary industry + life decline -slow decline" as shown in " Fig. 9 ", from the 90.31 million tons of standard coal in 1997 to 297,744 tons of standard coal in 2016, but the overall energy consumption efficiency is increasing. Since 1997, the growth rate of energy consumption in Hebei generally rose firstly and then declined. From the perspective of the trend of energy consumption in Hebei's secondary industry after 2005, the incremental change in energy consumption in Hebei's secondary industry is more pronounced. The change in total energy consumption and growth rate in Hebei after 2005 is more consistent with the total energy consumption and growth rate of the secondary industry as shown in " Fig. 9" and "Fig. 10 ". The precondition for the decoupling of economic development and energy consumption in Hebei is to achieve zero growth in energy consumption in the secondary industry. Since Hebei is at the middle phase of industrialization, the secondary industry accounts for a considerable proportion. Since 2005, the energy consumption ratio of the secondary industry in Hebei has fluctuated at 70%, and the non-secondary industry has fluctuated at 30%. The high proportion of the secondary industry has significantly increased the incremental change in total energy consumption as shown in " Fig. 11 ". prerequisite for achieving decoupling is to achieve zero growth in the secondary industry.
Overall, the Beijing-Tianjin-Hebei energy consumption curve is consistent with the trend of Hebei energy consumption in "Fig. 12 ". The precondition for the decoupling of Beijing-Tianjin-Hebei economic development and energy consumption is to achieve zero growth in Hebei's energy consumption. 
V. CONCLUSION
Based on the relevant literature research and data collection, the economic development and energy consumption decoupling situation in Beijing, Tianjin and Hebei were analyzed. On this basis, the paper analyzes the incremental and proportional changes of economic growth and utilization of energy consumption of three industries in Beijing, Tianjin and Hebei in different periods since 1997, and systematically analyzes the internal mechanism of realizing the decoupling between economic development and energy consumption. The results show that decoupling of economic development and energy consumption has not yet been achieved in Beijing, Tianjin and Hebei at the present stage. The key to the decoupling of economic development and energy consumption in Beijing lies in the decoupling of tertiary industry + energy consumption of life consumption and economic development. The key to Tianjin and Hebei lies in realizing the decoupling of energy consumption in the secondary industry and economic development, and the key to the decoupling of economic development and energy consumption by Beijing-Tianjin-Hebei is to realize the decoupling between Hebei's energy consumption and economic development. The transformation and upgrading of the industrial structure of Beijing-Tianjin-Hebei has promoted the reduction of energy consumption, but there are still differences in Beijing-Tianjin-Hebei region. Therefore, it is imperative to strengthen the coordinated development of Beijing, Tianji and Hebei. All relevant departments should adjust and optimize the industrial structure according to the respective positioning of Beijing, Tianjin and Hebei, vigorously eliminate high-energy-consuming industries, and increase technological innovation, thereby reducing energy consumption and improving energy efficiency, and ultimately reducing economic development for energy consumption.
